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@ Surface analysis method and apparatus. 

<g) A method of and an apparatus for analyzing a surface are disclosed. In which the intensity profile of a probe 
beam at the surface of a sample (2 ) is measured, the intensity distribution of a detection signal along the 
surface of the sample is measured by scanning the surface of the sample with the probe beam, and 
mathematical transfonnation is carried out for each of the measured intensity profile and the measured signal- 
intensity distribution, to make surface analysis with high resolution. 
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SURFACE ANALYSIS METHOD AMD APPARATUS 



BACKGROUND OF THE INVENTION 

The present invention relates to a novel surface analysis technique, and more particularly to a method 
anH an anoaratus for analyzing a small area of a sample surface with high resolution. 

1n%';rvemrJ'surf;cTana.ysis techniques, the following methods have been used for increasing the 
" '^'^ Onrrt'he"methods is to focus a probe beam on a sample surface to be analyzed, by means of an 

a,is, pSJn"1ha. It is »<«,ioa«, d«tol. » 1oc« . p«*e beam or, a ™nf ama» a»a. a«) »» r««»da 

45 are essentially undesirable. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method of and an apparatus for analyzing a small 
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above manner, the lateral resolution of the surface analysis is greatly improved. In a conventional, method of 
analyzing a sample surface by in^adiating the sample surface with a focused probe beam, the lateral 
resolution of surface analysis is determined by the diameter of the focused probe beam. According to'the 
present invention, lateral resolution which is far higher than the lateral resolution determined by the beam 

5 diameter, can be obtained. 

In the present invention, a probe beam includes a light beam and a particle beam. A light beam 
includes not only an ordinary light beam (for example, an ultraviolet light beam, a visible light beam, an 
infrared light beam) and a laser beam but also an electromagnetic beam (for example, an X-ray beam, a 
synchrotron radiation light beam). A particle beam includes a charged particle beam (for example, an 

10 electron beam, an ion beam) and a neutral particle beam. 

Now. mathematical transformation (for example, integral transformation) used in the present invention 
will be explained below. 

Let us express the distribution of an element A in a sample surface by nA(x,y). The distribution of the 
element A in the direction of thickness will not be considered in the following explanation for the sake of 

75 simplicity. However, the following explanation will essentially hold for a case where the element A is non- 
uniformly distributed in the direction of thickness. The lateral resolution of surface analysis is dependent 
upon how precisely the distribution nA(x.y) is determined. Further, let us express the intensity profile of a 
probe beam at the sample surface by f(ii.rt. When the probe beam impinges on the sample surface so that 
the center axis of the probe beam is placed at a position (Xo.yo) on the sample surface, and a signal S due 

20 to the element A is detected by a detector, we can obtain the following equation: 
S(Xo.yo) = K'F /nA(Xo + >j.yo + rtf(n.f)d7,dr (1) 

where K is a constant independent of integration, F indicates the total intensity of incident beam. Q is the 
area of integration (that is, a surface area irradiated with the probe beam), and f(ii.rt is a function defined by 
an equation /f(7?.rtdi7di' = 1. 
25. As mentioned above, in the equation (1), the function f(i?.rt is defined within the area Q. Now. let us 
define the function f(iy,rt on the outside of the area Q in the following manner: 

30 f(Ti,C) = \ (2) 

When Fourier transformation is carried out for the equation (1) using the equation (2), we can obtain the 

3S • 
following equation: 

S(X.Y) = K-F'2irNA{X.Y)F"{X.Y) (3) 
where 

N.(X.Y) = Is n.(x,y)e-^^^*y^^ardy (4) 

^ 2tr -« ^ 
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F(X.Y) = fS f (x,y)e"^^^*^^^dxdy (5) 

From the equations (3) and (4), the distribution nA(x,y) can be obtained as follows. 

n^<x,y) . — -^h ?^ e-i<'^*y''>«aTt <6) 
^ K»F (2^)*^ -« F<X,Y) 
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As can be seen from the equation (1). a function S{X,Y) is a Fouriei^ transform of the detection signal 
corresponding to each point on the sample surface. While, a function F (X.Y) is obtained by canrying out 
Fourier transformation for the Intensity profile f(7|.r) of the probe beam. As is evident from the equation (6). 
the distribution nA(x.y) can be calculated from the quantities S(X,Y) and r(X.Y) which have been calculated 

5 from measured quantities S(xo.yo) and f(i?,f). 

A positional interval, at which the value of nA(x,y) is determined, (that is. the lateral resolution of surface 
analysis) is nearly the same as a positional interval, at which the value of each of the functions S(X.Y) and F 
(X.Y) Is determined (that is a positional interval, at which the value of each of the signal S(Xo.yo) and the 
intensity profile f(ii.rt is determined). The signal S(xo.yo) and the intensity profile f(i,.r) can be measured at 

to an interval which is far smaller than the diameter of the probe beam. Consequently, even when the probe 
bfeam having a large diameter is used, the lateral resolution of surface analysis can be increased. Further, in 
a;case where the probe beam having a small diameter (that is. focused probe beam) is used, the lateral 
resolution of surface analysis is further improved. As is evident from the above explanation, the surface 
analysis according to the present invention is entirely different from conventional surface analysis, in which 

75 the lateral resolution is determined by the diameter of the probe beam. Further, the equations (1) to (6) hold 
fdr any probe beam. Accordingly, the present invention is applicable to all of surface analysis methods 

using a probe beam. . v 

Further, the present invention Is effective even in a case where the value of the function f(ij,r) vanes 
with the variable i, and f in a complicated manner. Now. let us consider a case where the function f(i,.r) has 

20 a plurality of maximum values when the value of ij is changed while keeping the value of f constant, by way 
of example. In this case, according to the conventional surface analysis method, the lateral resolution is 
determined by the diameter of the whole probe beam (for example, the full width at the half maximum of 
the intensity profile f(77.r). While, according to the present invention, the lateral resolution is determined by, 
for example, the full width at half maximum of a peak corresponding to one of the maximum values. 

25 Accordingly, even in the above case, the present invention can realize higher resolution than the resolution 
in the conventional method. 

In the above, a case where Fourier transformation is used as the Integral transfomiation. has been 
explained, by way of example. It is needless to say that integral transformation otiier than the Fourier 
transformation can be used. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1 to 8 are block diagrams showing embodiments of an apparatus for analyzing a surface In 
35 accordance with the present invention. 

Fig. 9 is a block diagram showing an embodiment pf an apparatus for finding the intensity profile of a 
probe beam in accordance with the present Invention. 



40 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be explained below in detail. 



<EMB00IMENT-1> 

Rg. 1 shows the first embodiment of an apparatus for analyzing a surface in accordance witii ttie 
present invention. Referring to Fig. 1. a probe beam (or probe particles) emitted from a beam source 1 
impinge on the surface of a sample 2 placed on a sample stage 3. The beam source 1 is one of a charged 
particle source, a neutral particle source, and a light source for generating radiations such as X-rays, a 
synchrotron radiation and a laser beam. The electrons, ions, neutral particles and light each emitted from 
that surface of tiie sample 2 which is irradiated with the probe beam, are detected by a detector 5. The 
detector 5 is one of a detector capable of performing energy analysis (for example, a static energy 
analyzer, an energy dispersive analyzer, or a wavelengtti dispersive X-ray detector), a detector capable of 
making mass analysis (for example, a mass spectrometer), and a detector for merely detecting electrons, 
ions, neutral particles, or light. In other words, detectors of various kinds and detectors having various 
performance can be used as the detector 5. The detector 5 is controlled by a controller 7. 

While, a detector 4 for measuring the intensity profile of the probe beam is positioned in the rear of tiie 
sample 2. The intensity profile of tiie probe beam is two-dimensional distribution, as indicated by ttie 
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equation (2), Accordingly, it is preferable to use a two-dimensional detector as the detector 4. In a case 
where the two-dimensional detector is not used, the detector 4 is used with a knife edge (shown in Fig. 2). a 
pin hole, or a slit. Uke the detector 5. the detector 4 detects electrons, ions, neutral particles, or light. When 
the intensity profile of the probe beam is measured, the sample 2 and the sample stage 3 are moved so as 
not to hinder the probe beam, and the detector 4 Is raised to a position corresponding to the measured 
sample surface, if necessary. 

The sample stage 3 can make three-dimensional fine displacement and the fine displacement is carried 
out with the aid of a piezoelectric device. The fine displacement of the sample stage 3 is controlled by a 
position controller 6. 

Next, explanation will be made of a signal/data processing system. An observed or detected signal from 
the detector 5 is inputted to a high speed calculation processing system 8, which is formed of a high speed 
processor provided with a large memory and display means. Further, a signal from the position controller 6 
for indicating the probe beam position on the sample surface which is irradiated with the probe beam, is 
inputted to the calculation processing system 8. Thus, the function S(X,Y) of the equation (3) can be 
determined from these signals. While, the output signal of the detector 4 is transferred to the calculation 
processing system 8 through a controller 10 for the detector 4. It is supposed in the following processing 
that the detector 4 is a two-dimensional detector (othen/vise. processing in EMBODIMENT-2 will be carried 
out). The output signal of the controller corresponds to the function f(x,y) of the equation (5). The calculation 
processing system 8 calculates the function F=^(X.Y) from the function f(x.y) at high speed by using the 
equation (5). The measurement of the intensity profile f(x,y) and the calculation of the function F"(X,Y) is 
earned out prior to the measurement and calculation for obtaining the function S(X.Y). 

The calculation processing system 8 calculates the distribution nA(x.y) from the functions S(X,Y) and F 
(X.Y), by using the equation (6). The result thus obtained is displayed on a display screen of the display 
means included in the calculation processing system 8. Further, the above result can be displayed on a 
display screen of a separate output/display device 9. Thus, the result of surface analysis can be displayed 
in the form of. for example, a picture image. 

According to the present embodiment, the distribution of a to-be-detected substance on a sample 
surface can be determined from the intensity profile of a probe beam and the distribution of detected signal 
along the sample surface, through mathemetical transformation. Accordingly, even when the probe beam 
has a large diameter, surface analysis can be made with high resolution. 

<EMB0DHVIENT-2> 

In the embodiment of Fig. 1. an optical system for focusing the probe beam is not located between the 
beam source 1 and the sample 2. When a small size probe beam is used, surface analysis can be made 
with high reliability and high resolution. In order to realize high-resolution surface analysis with the high- 
reliability, the probe beam (or probe particles) emitted from the beam source 1 are focused on the sample 
surface, and the above-mentioned mathematical transformation is carried out. Fig. 2 shows the second 
embodiment of an apparatus for analyzing a surface in accordance with the present invention which 
embodiment employs a focused probe beam. 

Referring to Rg. 2, the probe beam (or probe particles) emitted from the beam source 1 are focused on 
the surface of the sample 2 by a lens system 16. The lens system 16 is one of an electric lens system and 
an optical lens system including a reflecting mirror system. The lens system 16 is selected in accordance 
with the kind of the probe beam (or probe particles). In a case where the acceleration of particles is not 
required for focusing the probe beam, for example. In a case where the probe beam is a light beam, an 
acceleration system 41 can be removed. 

The intensity profile of the probe beam is measured by using a knife edge 12 and a detector 11 . It is to 
be noted that in \he first embodiment, the Intensity profile is measured only by the detector 4 formed of a 
two-dimensional detector. The knife edge 12 may be replaced by a slit or pin hole. 

The knife edge 12 Is attached to a fine displacement mechanism 13 which is controlled by a controller 
14, A signal delivered from the controller 14 for indicating the position of the knife edge 12 is transferred to 
a processor 15, together with the output signal of the detector 11. The processor 15 determines the 
intensity profile f(x,y) from these signals, and the intensity profile thus obtained is inputted to the high 
speed calculation processing system 8. Other parts than the above-mentioned are the same as those shown 
in Rg. 1. 

According to the present embodiment, the sample surface is irradiated with a very small size probe 
beam. Hence, surface analysis according to the present embodiment will be higher in reliability and 
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resolution than surface analysis according to the first embodiment. 



<EMBODIMENT-3> 

As has been already mentioned, in the present invention, it is necessary to measure the distribution of 
detected signal along a sample surface. In other words, it is required to scan the sample surface with the 
probe beam. In the first and second embodiments, this scanning operation Is performed by the fine 
displacement of the sample stage 3. However, the sample surface can be scanned with the probe beam In 
a manner different from that in the first and second embodiments. Fig. 3 shows the third embodiment of an 
apparatus for analyzing a surface in accordance with the present invention, in which embodiment the 
surface is scanned with a probe beam in a manner different from that shown in Figs. 1 and 2. 

Refening to Fig. 3, the beam (or particles) from a charged particle source 17 are focused by a lens 
system 18. pass through a deflection system 19, and then impinge on the surface of the sample 2. The 
deflection system 15 is controlled by a controller 20 so that the surface of the sample 2 is scanned with the 

probe beam. . . ^ *u u 

A signal indicating the scanning operation of the probe beam (that is. the positon signal of the probe 
beam) is supplied from the controller 20 to the high speed calculation processing system 8. Further, the 
observed signal from the detector 5 is inputted to the calculation processing system 8 through the controller 
7. The calculation processing system 8 determines the function S(X.Y) from the position signal and the 
observed signal. Other parts than the above-mentioned are the same as those in the first and second 
embodiments. 



25 <EMBO0IMENT-4> 

Fig. 4 shows the fourth embodiment of an apparatus for analyzing a surface in accordance with the 
present invention, in which embodiment a probe beam other than a charged particle beam Is deflected so 
as to perform a scanning operation. Referring to Fig. 4. the probe beam (or probe particles) emitted from a 

30 beam source 21 are focused by an optical system 22. pass through an optical system 23 for deflections, 
and then impinge on the surface of the sample 2. The optical system 23 for deflection is controlled by a 
drive mechanism 24. which Is controlled by a controller 25. In a case where a light beam is used as the 
probe beam, a reflection mirror can act as the optical system 23 for deflection. By using such a deflection 
system, the surface of the sample 2 can be scanned with the probe beam. 

36 A signal indicating the scanning operation of the probe beam (that is. the position signal of the probe 
beam) is supplied from the controller 25 to the high speed calculation processing system 8. Further, the 
observed signal from the detector 5 is inputted to the calculation processing system 8 tiirough the controller 
7. The calculation processing system 8 determines the function S(X.Y) from the position signal and the 
observed signal. Other parts than the above-mentioned are the same as those in the first to third 

40 embodiments. 

In the third and fourth embodiments, the deflection system 19 and the system 23 for deflecton are 
located at the rear of the lens system 18 and the optical system 22. respectively. Alternatively, the systems 
19 and 23 may be located in front of the systems 18 and 22, respectively. 



45 

<EMBODiMENT-5> 

Fig. 5 shows the fifth embodiment of an apparatus for analyzing a surface in accordance with the 

present Invention, in which embodiment a sample surface is scanned with the probe beam in a different 
50 manner. In the present embodiment, a position where the probe beam is generated, is changed to scan the 

sample surface with the probe beam. For example. In a case where a light beam is used as the probe 

beam, surface analysis can be made by the present embodiment. 

Refemng to Rg. 5. a beam (or particles) emitted from a particle source 30 pass through a focusing 

system 29. are deflected by a deflection system 28. and then impinge on a target 26. Probe particles which 
65 are emitted from the target 26 on the basis of the bombardment of the target with the particle beam, pass 

through another focusing system 27. and then Impinge on the surface of the sample 2. The surface of the 

sample 2 can be scanned with the probe beam, by changing a position where the probe particles are 

generated. 
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A position where the probe particles are generated, is controlled by a controller 31 which is connected 
to the deflection system 28. Accordingly, the position of the probe beam on the surface of the sample 2 can 
be controlled by ttie controller 31. A signal corresponding to the position of the probe beam on the surface 
of the sample 2 is supplied from the controller 31 to the high speed calculation processing system 8, which 
determines the function S(X.Y) from the above signal and the output signal of the controller 7.. Other parts 
than the above-mentioned are the same as those in the first to fourth embodiments. 

The characteristic feature of the third to fifth embodiments resides in that the scanning speed is higher 
than that in a case where the sample stage 3 makes fine displacement. That Is, the function S(X.Y) can be 
determined rapidly, as compared with a case where the sample stage 3 is moved. 



<EMBODlMENT-6> 

In the first to fifth embodiments, electrons, ions, neutral particles, or light is generated by irradiating the 
75 surface of the sample 2 with the probe beam, and observed for surface analysis. The method for obtaining 
' a high-resolution according to the present invention is not limited to the emission from the surface, of the 
sample, but is applicable to other cases. Fig. 6 shows the sixth embodiment of an apparatus for analyzing a 
surface in accordance with the present invention, in which embodiment a phenomenon other than surface 
emission is utilized. 

20 Referring to Fig. 6. a probe beam (or probe particles) emitted from the particle source 1 impinge on a 
sample 34. At this time, some of the particles included in the probe beam interact with atoms (or molecules) ^ 
constituting the sample 34. Thus, the particle-energy distribution and the intensity of the probe beam having 
passed through the sample 34 are different from the particle-energy distribution and the Intensity of the 
probe beam incident on the sample. Such a change in energy distribution and intensity is detected by a 

25 detector 36. Any device capable of detecting the particle-energy distribution and the intensity of the probe 
beam, can be used as the detector 36. 

A detected signal from the detector 36 is inputted to the high speed calculation processing system 8 
through a controller 37 for the detector 36. While, as in the first embodiment, a signal indicating the position 
of the probe beam is supplied from the controller 6 for controlling the fine displacement of the sample stage 

30 35. to the high speed calculation processing system 8. Accordingly, the function S(X,Y), that is. the 
distribution of detected signal can be obtained from the above signals. 

As In the first to fifth embodiments, the mathematical transformation is carried out by the high speed 
calculation processing system 8. Accordingly, the present embodiment can make surface analysis with high 
resolution, when a transmitted beam is used for the surface analysis. 



<EMB0DIMENT-7> 

In the first to sixth embodiments, the probe beam is incident at right angles qn the surface of the 
40 sample 2. In some cases, however, the angular distribution of particles emitted from the surface of the 
sample 2 is dependent on an angle, at which the probe beam is incident on the sample surface. In such 
cases, it is frequently preferable that the probe beam makes grazing incidence on the surface of the sample 
2. Further, in a case where a probe beam reflected or scattered from the surface of the sample 2 is 
observed as in Ion scattering spectroscopy (ISS) and electron energy loss spectroscopy (EELS), the grazing 
45 incidence is used. Fig. 7 shows the seventh embodiment of an apparatus for analyzing a surface in 
accordance with the present invention, in which embodiment the grazing incidence is used. 

Referring to Fig. 7. the probe beam (or probe particles) emitted from the beam source.^1 pass through 
the acceleration system 41 and the focusing system 16. and then impinge on the surface of the sample 7. 
As mentioned above, the grazing incidence is used in the present embodiment The incident angle of the 
50 probe beam to the surface of the sample 2 Is adjusted so that the detection of particles by the detector 5 is 
optimized. In a case where the acceleration system 41 and the focusing system 16 are useless, these 
systems can be removed. 

The intensity distribution of the probe beam at the surface of the sample 2 is measured by using an 
aperture 40 attached to the fine displacement mechanism 13 and the detector 11. The aperture may be 
56 replaced by the knife edge used in the second embodiment or a slit. The detector 1 1 is located so that the 
probe beam is incident at right angles on the detector. Other parts than the above-mentioned are the same 
as those of the first to sixth embodiments. 
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<EMB0DIMENT-8> 

Fig. 8 shows the eighth embodiment of an apparatus for analyzing a surface in accordance with the 
present invention, in which embodiment a current or sound wave caused by irradiating the surface of the 
5 sample 2 with the probe beam is detected for surface analysis. As In the seventh embodiment the 
acceleration system 41 and the focusing system 16 can be removed if these systems are useless. 

Referring to Fig. 8. a current or sound wave caused by irradiating the surface of the sample 2 with the 
probe beam is detected by a sensor 43. and the output signal of the sensor 43 is supplied to a controller 
44. While, a signal corresponding to the position of the probe beam on the surface of the sample 2 is 
10 supplied from the position controller 6 for controlling the fine displacement of the sample stage 3, to the 
high speed calculation processing system 8, which determines the function S(X,Y) from the output signal of 
the position controller 6 and the output signal of the controller 44. Other parts than the above-mentioned are 
the same as those in the first to seventh embodiments. 

In the sixth to eighth embodiments, the scanning operation of the probe beam of Figs. 3 to 5 is not 
75 used. It is needless to say that in these embodiments, the scanning operation of the probe beam can be 
used in place of the fine displacement of the sample stage 3 or 35. 

Further, a few methods of measuring the intensity profile of the probe beam have been used in the 
above-mentioned embodiments. It is to be noted that a method usable in one of the embodiments can be 
used in the remaining embodiments. That is, any method capable of measuring the intensity profile of the 
20 probe beam can be used in all of the embodiments, and the measurement of the intensity profile of the 
probe beam is essential to the embodiments. 



<EMB0DIMENT.9> 

25 

An example of the application of the present invention will finally explained. The above-mentioned 
embodiments are used for determining the distribution nA(x,y). However, the function f(i?,r) can be 
determined from the distribution nA(x.y) by using the equations (3) to (5). That is, in a case where a sample, 
in which the distribution nA(x.y) is known, for example, a metal mesh sample is in-adlated with a probe 

30 beam, the intensity profile of the probe beam can be calculated from the known distribution nA(x,y), that Is, 
it is possible to estimate the probe beam. 

Fig. 9 shows an embodiment of an apparatus for determining the intensity profile of a beam in 
accordance with the present invention. Referring to Fig. 9, the probe beam emitted from a beam source 45 
impinges on a sample 46. The beam source 45 emits the probe beam which is to be estimated. The probe 

35 beam may be focused, or may not be focused. As mentioned above, the sample 46 has known distribution 
nA(x,y), and may be. for example, a metal mesh. 

As in the already explained embodiments, the high speed calculation processing system 8 determines 
the function S(X,Y) from the observed signal which is delivered from the detector 5, and the output signal of 
the position controller 6. While, in the present embodiment the distribution nA(x,y) is known, and hence 

40 information on nA(x.y) can be previously loaded In the high speed calculation processing system to 
determine the function Na{X,Y) from the distribution nA(x,y) by using the equation (4). The function F*(X,Y) 
can be calculated from the functions Spc.Y) and Na{X,Y) by using the equation (3). Further, the intensity 
profile f(ij,?) can be calculated from the function F~(X.y) by carrying out the inverse transformation for the 
equation (5). All of these calculating operations are performed by the high speed calculation processing 

45 system 8. and the results of calculation are displayed on a display screen of the display means included in 
the calculation processing system 8. The results of calculation can be displayed on the display screen of 
the output/display device 9 in the form of a picture image, if necessary. 

In the present embodiment, the probe beam is incident at right angles on the surface of the sample 46. 
and the emission from this surface is detected by the detector 5 to obtain the observed signal. The present 

50 embodiment may be modified so that the observed signal is obtained in a manner shown in one of Rgs. 8 
to 8. 

As is evident from the foregoing explanation, according to the present invention, the Intensity profile of 
a probe beam and the signal distribution which is obtained by scanning a sample surface with the probe 
beam, are measured, and mathematical transformation is carried out for each of the intensity profile and the 
55 signal distribution to obtain the analytical result for the sample surface. When surface analysis is made in 
the above manner, the lateral resolution of the surface analysis is improved. 

Thus, surface analysis according to the present invention is for superior in resolution and precision to 
conventional surface analysis, in which the lateral resolution is determined by the diameter of a probe 
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beam. 



Claims 

1. A method of analyzing a surface by using a probe beam, comprising the steps of: 
measuring the intensity profile of a probe beam at the surface of a sample (2. 34); 

measuring the distribution of a detected signal along the surface of the sample by scanning the surface of 
the sample with the probe beam; and 

carrying out mathematic transformation for each of the intensity profile and the distribution of the detected 
signal. 

2. The method of claim 1 . wherein the probe beam is an electron beam, or an ion beam, or a neutral 
particle beam, or a light beam. 

3. The method of claim 1 or 2. wherein the probe beam is focused on the surface of the sample. 

4. The method of claim 1 or 3. wherein the detected signal is obtained by detecting electrons or ions or 
neutral particles or light as generated by irradiating the surface of the sample with the probe beam. 

5. The method of any of claims 1 to 3. wherein the detected signal is obtained by detecting the probe 
beam which has passed through the sample or has been reflected or scattered from the surface of the 
sample. 

6. The method of any of claims 1 to 3. wherein the detected signal is obtained by detecting a current 
which is generated by . irradiating the surface of the sample with the probe beam or by detecting a sound 
wave which is generated by irradiating the surface of the sample with the probe beam. 

7. The method of any of claims 1 to 6, wherein the surface of the sample is scanned with the probe 
beam by moving the sample, or by deflecting the probe beam, or by changing a position where the probe 
beam is generated. 

8. The method of any of claims 1 to 7, wherein the probe beam is directed to the surface of the sample 
so that grazing incidence is realized. 

9. An apparatus for analyzing a surface, comprising: 
means (1. 17, 21, 26) for generating a probe beam; 

means for irradiating the surface of a sample (2. 34) with the probe beam; 

means (4; 11. 12, 13. 14, 15; 11, 40, 13. 14, 15) for measuring the intensity profile of the probe beam at the 
surface of the sample; 

means (6; 19: 23, 24; 28. 29, 30) for scanning the surface of the sample with the probe beam; 

means (5, 36. 43) for detecting a signal caused by irradiating the surface of the sample with the probe 

beam, and for measuring the distribution of the signal along the surface of the sample; and 

means (8) for carrying out mathematical transformation for each of the measured intensity profile and the 

measured signal distribution. 

10. The apparatus of claim 9, wherein the probe beam is an electron beam, or an ion beam, or a neutral 
particle beam, or a light beam. 

11. The apparatus of claim 9 or 10, further comprising means (16. 41; 18, 22; 27) for focusing the probe 
beam on the surface of the sample. 

12. The apparatus of claim 9 or 11, wherein the signal detection means (5) detects electrons or ions or 
neutral particles or light as generated by Irradiating the surface of the sample with the probe beam. 

13. The apparatus of any of claims 9 to 11, wherein the signal detection means (36) detects the probe 
t>eam which has passed through the sample, or has been reflected or scattered from the surface of the 
sample. 

14. The apparatus of any of claims 9 to 11, wherein the signal detection means (43) detects a current 
which is generated by irradiating the surface of the sample with the probe beam or detects a sound wave 
which is generated by irradiating the surface of the sample with the probe beam. 

15. The apparatus of any of claims 9 to 14, wherein the surface of the sample is scanned with the 
probe beam by moving the sample, or by deflecting the probe beam, or by changing a position where the 
probe beam is generated. 

16. The apparatus of any of claims 9 to 15, further comprising means for changing an angle, at which 
the probe beam is Incident on the surface of the sample. 
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